The Gandi capsule, a famous traditional Chinese medicine (TCM), is a hospital preparation that has been widely used in China for decades for the treatment of diabetes. The aim of this study is to compare the pharmacokinetics of four of the active components of Gandi capsules, which are the primary antidiabetic ingredients, on normal and diabetic Sprague-Dawley rats following oral administration of the capsules.
Introduction
Traditional Chinese Medicines (TCMs) are mostly prescribed in combinations in accordance with the theory of obtaining synergistic effects or reducing possible adverse reactions. The Gandi capsule, a famous traditional Chinese medicine, that consists of radix rehmanniae, scutellaria, astragalus, cornus officinalis, leonurus, muscardine silkworm, sophora ower and phyllanthus (Shengdi, Huangqin, Huangqi, Shanzhuyu, Yimucao, Jiangcan, Huaihua and Yuganzi in Chinese, respectively), has been used to treat diabetes for decades. Wei et al.
reported that aer 4 months of treatment of Gandi capsules for Diabetic Nephropathy, clinical efficacy of trial group subjects was better than that of the control group, with statistical signicance (P < 0.05). 1 Zhu et al. found Gandi capsules can control obstinate hyper-glycemia, and improve fat metabolism as well as hemorheological parameters.
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Flavonoid glycosides and cyclopropene, which contains baicalin, wogonoside, wogonin and loganin ( Fig. 1A-D) , were reported to be the main bioactive constituents in Gandi capsule, 3 and have anti-inammatory, 4,5 anti-tumor, 6À9 antioxidant activities [10] [11] [12] and especially have the potential for the treatment of diabetes and diabetic complications.
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A comprehensive characterization of pharmacokinetic characteristic of TCM is vital not only to gaining insight into its in vivo action and mechanism but also to carrying out further clinical studies. The analysis of mono ingredients or single herbs may not represent the in vivo process of the whole composite prescription. Thus, it is better to investigate the herbal compatibility mechanism of multiple components or the whole prescription rather than single herbs or single compound. 18, 19 Some articles have reported about the in vivo process of baicalin, wogonoside, wogonin, and loganin respectively or in other compound preparations. [20] [21] [22] [23] However, few analytical methods were developed for simultaneous determination of the four compounds in rat plasma and to describe the prole of Gandi capsule in vivo aer oral administration.
Most of the existing pharmacokinetic data of traditional Chinese medicine came from studies with healthy animals or healthy human subjects. Unfortunately, under pathological conditions such as diabetes, enzyme activity and membrane transporter capacity are oen altered from the normal conditions, 24, 25 leading to changes in the pharmacokinetic and metabolic behaviors of drugs. For example, Zeng et al. reported that compared to normal rats, maximum concentration (C max ) and area under the curve (AUC 0-10 h ) values of oral arctigenin in diabetic rats increased by 356.8% and 223.4%, respectively.
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Another report showed that the absorptions of six avonoids in Maydis stigma in diabetic rats were all signicantly higher than those in the normal group, which provides an experimental basis for the role of Maydis stigma in anti-diabetic treatment.
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In this study, a sensitive, specic, rapid, and precise approach was developed with a short retention time (less than 4.3 min) and acceptable low limit of determination (LLOQ) by optimized MS conditions for the simultaneously determination of four constituents in rat plasma and was applied to compare the pharmacokinetics of these constituents aer oral administration of Gandi capsule between normal and diabetic rats, and furthermore to investigate the herbal compatibility mechanism.
Materials and methods

Chemicals, reagents and animals
Baicalin, wogonoside, wogonin, loganin and puerarin (internal standard, IS) (Fig. 1E) were obtained from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). The purity of these reference standards was greater than 98%. Gandi capsule (40 capsules, 0.3 g per capsule, batch number: 20161202) were supplied by Fangxin Pharmaceutical Co., Ltd. (Shanghai, China). Acetonitrile and methanol, high-performance liquid chromatography (HPLC) grade, were purchased from Merck Company (Darmstadt, Germany). Ultrapure water for the LC mobile phase was prepared in-house using a Milli-Q system (Millipore, Bedford, MA, USA). All the other reagents were of analytical grade. Streptozotocin (STZ, purity > 98%) was purchased from Sigma (Saint Louis, MO, USA).
Male Sprague-Dawley (SD) rats (250 AE 20 g) were obtained from Slaccas Experiment Animal Company (Shanghai, China). The rats were maintained in an air-conditioned room under constant room temperature (23 C AE 2 C), relative humidity level (50% AE 15%), and lighting (12 h light/dark cycle) with free access to food and water for 7 days before the experiment.
Apparatus and LC-MS/MS conditions
The assay was performed with a Waters UPLC system with an Applied Biosystem 5500 QTRAP® hybrid triple-quadrupole mass spectrometer (Applied Biosystems/MDS Sciex, Foster City, CA, USA) with an electrospray ionization (ESI) interface that was usable in either the positive or the negative-ionization mode. The sample was separated on a ZORBAX Eclipse Plus C 18 (50 mm Â 2.1 mm, 1.8 mm). Samples were eluted through the column with a gradient of water-formic acid (100 : 0.5, v/v) and acetonitrile (0 min, 95 : 5; 3.1 min, 37 : 63; 3.2 min, 5 : 95; 4.3 min, 5 : 95) at a ow rate of 0.4 mL min À1 at 45 C.
The MS parameters for the four active components and IS were optimized in the positive mode. Quantication was performed using multiple-reaction monitoring (MRM) mode. The monitoring parameters, collision energies (CE), and retention times of four standard substances and IS are shown in Table 1 . The operating parameters were as follows: ion spray (IS) voltage: 5000 V; temperature: 550 C; gas 1 and gas 2 (nitrogen) were set at 40 and 40 psi, respectively. The curtain gas using nitrogen was set at 40 psi. The dwell time was set at 50 ms per transition. MS/MS operating conditions were optimized by infusion of the standard solution (500 ng mL
À1
) of analyte or IS into the ESI source via a syringe pump, respectively. Data acquisition was performed using Analyst 1.5.2 soware and MultiQuant2.1.1 soware (Applied Biosystems, Foster City, CA, USA).
Drug administration and sampling
Twelve male rats were divided randomly into two groups with six rats in each. The diabetic model group rats were induced by the streptozotocin (STZ) method as described previously.
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Briey, the diabetic rats were intraperitoneally injected with STZ freshly dissolved in a citrate buffer (0.1 mol L À1 , pH 4.5) at a single dosage of 45 mg kg À1 rat weight. The tail blood glucose value was measured 1 week later. Rats presenting blood-glucose levels greater than 16.7 mmol L À1 were put into the diabetic group. All experiments were performed on the tenth day aer the injection of STZ or vehicle. The animals were fasted for 12 h with free access to water before the oral administration of Gandi capsule.
Sample processing
Internal standard was dissolved with methanol. For plasma samples, an aliquot of 200 mL of the IS working solution (2 ng mL À1 in methanol) was added to 50 mL of the plasma sample.
The tubes were vortex mixed for 1.0 min. Aer centrifugation at 14 000 for 10 min, an aliquot of 2 mL supernatant was injected into the LC-MS/MS system.
Method validation
The method validation assays for quantication of baicalin, wogonoside, wogonin and loganin in plasma were performed according to the Guidance for Industry, Bioanalytical Method Validation (https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070107.pdf). The bioanalytical method was validated for selectivity, linearity, low limit of determination (LLOQ), precision, accuracy, recovery, matrix effect, dilution effect and stability. Quality control (QC) samples were prepared at low, medium and high concentrations: 5, 50, and 400 ng mL À1 for baicalin and loganin; and 8, 50, and 400 ng mL À1 for wogonoside and wogonin, respectively. The linearity of the assay for rat plasma was assessed by analyzing the calibration curves using least-squares linear regression of the peak area ratios of the analytes to the IS versus the nominal concentration of the calibration standard with a weighed factor (1/C 2 ). A standard curve calibration was performed at concentrations of 1, 2, 5, 10, 20, 50, 100, and 500 ng mL À1 for baicalin; 5, 7.5, 10, 20, 50, 100, 200, and 500 ng mL À1 for wogonoside and wogonin; and 2, 5, 10, 20, 50, 100, 200, and 500 ng mL À1 for loganin each time before the samples were injected into the LC-MS/MS system.
Pharmacokinetic analysis
All animal procedures were performed in accordance with the Guidelines for Care and Use of Laboratory Animals of Shanghai Jiao Tong University School of Medicine and approved by the Animal Ethics Committee of Shanghai Jiao Tong University School of Medicine. The capsule was prepared by dissolving the contents (with other excipients) in 0.3% carboxymethylcellulose sodium solution, which was same as the previous pharmacological studies. 29 Diabetic and normal rats received Gandi capsule by oral administration at a dose of 80 mg kg À1 (containing 1.08% baicalin, 0.13% wogonoside, 0.04% wogonin, and 0.10% loganin). Six rats were used in each group. Blood samples (150 mL) were collected into heparinized Eppendorf tubes at predose (0 h) and at 0.17, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 12.0, 24.0, and 48.0 h aer administration, the whole blood samples were centrifuged at 3000 rpm for 10 min, and the plasma samples were immediately centrifuged and stored at À20 C until analysis.
Statistical analysis
Pharmacokinetic parameters were calculated using Drug and Statistic (DAS) 2.0 pharmacokinetic soware (Chinese Pharmacological Society, Shanghai, China). The data of area under the curve (AUC), maximum concentration (C max ), terminal halflife (T 1/2 ), time to maximum concentration (T max ), and mean residence time (MRT) are presented as the mean AE standard deviation (SD). Comparisons of the pharmacokinetic data were performed by variance (Student' t-test) and the statistically signicant difference was set at values of P < 0.05 and P < 0.01 (SPSS statistical soware package, Version 20.0, SPSS Inc., Chicago, IL, USA). Fig. 2 , including blank plasma, methanol spiked with IS and standards, plasma spiked with mixed standards (LLOQ) and plasma samples obtained 2 h aer oral administration of Gandi capsule. The total retention time was less than 4.3 minutes. LLOQs in positive-ionization mode were set here appropriate for quantitative detection of analytes in the pharmacokinetic studies. The active ingredients of Gandi capsules which composed of several herbs are very complex. In pre-experiment, about sixteen active compounds, which contained baicalin, wogonoside, wogonin, loganin, rutin, rehmannioside D, astragaloside IV, quercetin, isoquercetin, isoastragaloside, scutellarin, scutellarein, sweroside, ferulic acid, caffeic acid and isoacteoside, have been detected by LC/MS/MS. Simply, the assay was performed with a validated LC/MS/MS system as same as shown in Apparatus and LC-MS/MS conditions part. The main parameters as selected multiple reaction monitoring parameters, collision energies (CE) and LLOQs of the sixteen ingredients were shown in Table S1 (ESI †). The LLOQsof the all analytes were less than 5 ng mL À1 in rat plasma. Unfortunately, aer oral administration of Gandi capsule, twelve ingredients could not be found in rat plasma. This result may be explained by low content of the compounds in the preparation or the poor bio availability in rats aer oral administration. In fact, the content of most compounds like rehmannioside D, astragaloside IV, isoquercetin, isoastragaloside, scutellarin, scutellarein, sweroside and isoacteoside is too low that less than 0.003% of the whole prescription. In addition, some active ingredients have been ) and IS, respectively, (3) blank plasma spiked with the analytes A, B, C, D at levels of LLOQ and IS, respectively, and (4) The rst pass effect led to the poor bio availability of the active compounds. These reasons mentioned above turned to the result that the plasma concentration in 48 h of most ingredients was lower than LLOQs by LC/MS/MS, and pharmacokinetic parameters could not be obtained.
Results and discussions
Calibration curves and LLOQ
The calibration curves, linear ranges, correlation coefficients and LLOQs of baicalin, wogonoside, wogonin and loganin in plasma are listed in Table 2 . The calibration curves showed good linearity in the corresponding range for the four compounds (r 2 > 0.99).
Precision, accuracy, extraction recovery and matrix effect
The precision, accuracy, extraction recovery and matrix effect were obtained by analyzing six QC samples at low, medium, and high concentrations, respectively. The results are given in Table 3 . Precision was measured based on the intra-and interday variability. Intra-and inter-day precisions were determined by analyzing six standard solutions at three concentrations within a single day and on three different days, respectively. The measured concentrations of QC samples were calculated from the calibration curves. The intra-and inter-day precisions and accuracy t the regulation exceeded AE10%. The extraction recovery was calculated by dividing the peak area of standards spiked prior to the extraction by that of the four compounds and IS spiked post-extracted sample. Matrix effect was calculated by dividing the peak area of four compounds and IS in the methanol-dissolved samples by that of samples spiked postextraction. The mean extraction recoveries and matrix effect of four analytes were determined by using six replicates of QC samples of each level. The results are displayed in Table 3 . The mean extraction recoveries of the four analytes were greater than 85.5%. The matrix effect of the six analytes ranged from 90.1% to 95.7% at the three QC levels, and the extraction recovery and matrix effect of IS were 87.7% and 93.4%, which indicated that there was no signicant matrix effect affecting the quantication of the analytes and IS.
Dilution effect and sample stability
Dilution effect was investigated to ensure that dilution with blank matrix would not affect the nal concentration. Baicalin and wogonoside spiked rat plasma samples were prepared at 5.0 mg mL À1 and then diluted with pooled rat biological samples at dilution factors of 10 and 50 in six replicates before analysis. The results from six replicates showed satisfying accuracy and reproducibility, and therefore indicated that such a method using methanol precipitation could be applied to the entire scope of concentrations tested in this study (data not shown).
For the measurement of sample stability, three QC samples of low, medium and high concentrations were prepared for analysis under different storage conditions, including shortterm stability at room temperature for 4 h, long-term stability Fig. 3 Mean plasma concentration-time curves of four components after oral administration of Gandi capsule to normal rats (n ¼ 6) and diabetic rats (n ¼ 6).
at À80 C for 30 days, three freeze-thaw cycles at À80 C and in autosampler for 24 h at 4 C. The results suggested that the established method was suitable for the pharmacokinetic study.
Plasma pharmacokinetic study
The validated LC/MS/MS method was applied to a pharmacokinetic study aer oral administration of Gandi capsule to normal and diabetic rats. The mean plasma concentration versus time proles of four compounds in normal and diabetic rats are illustrated in Fig. 3 . The main pharmacokinetic parameters are summarized in Table 4 . Because of the quick elimination phase, loganin can only be detected in 2.5 hours aer oral administration.
As shown in Fig. 3 and Table 4 , the C max values of wogonoside and loganin in the diabetic rats were 344.1% and 277.65% in relative to those in the normal rats, respectively. Compared with normal rats, the AUC 0À48 h of the four compounds in the diabetic rats increased sharply. The T 1/2 value of baicalin and wogonoside for the diabetic rats was longer of that of the normal rats. Compared to those of the normal group, MRT values of baicalin, wogonoside and loganin increased remarkably in the diabetic rats. The results pointed out that the absorption of the four active components was increased, whereas the distribution and elimination processes were slowed down in the diabetic rats compared with the normal rats.
Accumulating evidence indicates that the pharmacokinetic behaviors of drugs may change under the condition of diabetes mellitus. However, the underlying mechanism remains unclear. Diabetic mellitus can induce several complications such as nephropathy and liver disease, 34 and may further affect the metabolism and elimination of some drugs in vivo, and this may lead to the pharmacokinetic parameters such as AUC, T 1/2 and MRT being higher in diabetic rats than in normal rats.
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Some papers had reported that the pharmacokinetic prole of baicalin, wogonoside and loganin involved the drug metabolizing enzymes (such as b-glucuronidase, UDPglucuronosyltransferase, cytochrome P450) and drugtransporters (such as MRP 2 and P-glycoprotein). 35, 36 However, the function and expression of many drug metabolizing enzymes and drug transporter had been reported to be altered when in the pathological state of diabetes mellitus. 37, 38 These mentioned above might result in the alteration of pharmacokinetic behavior of the three compounds in diabetic rats following oral administration of Gandi capsule when compared with that in normal rats.
Wogonin was found in Gandi capsule, but it also could be the metabolite of wogonoside in vivo. In fact, previous published papers demonstrated that wogonoside was rst hydrolyzed to its a glycon wogonin by intestinal bacteria in the intestinal tract and then wogonin was absorbed into intestinal mucosa to transform into wogonoside again. 39, 40 Gut microbiota in diabetic rats may be different from normal group. Thus, the pharmacokinetic parameters result of wogonoside was similar to the phenomenon observed in another previously published study. 41, 42 As the metabolite of wogonoside, the concentration time prole for wogonin could change with wogonoside (AUC 0-48 h ) (P < 0.05). These rational explanations still may not be accurate due to lack of direct evidence about how intestinal bacteria affect the metabolism of wogonin.
In conclusion, the pharmacokinetic behavior of baicalin, wogonoside, wogonin and loganin (especially the systemic exposure [AUC]) was signicantly altered in diabetic rats aer orally administrated of Gandi capsule, which may partly result from the changed activity of drug metabolizing enzymes and drug transporters under the pathological state of diabetes mellitus. The results presented a meaningful basis for the clinical applications of Gandi capsule when used in the treatment of diabetes mellitus.
Conclusions
In the present study, an LC-MS/MS method for the simultaneous quantication of four active ingredients in rat plasma has been developed and validated. The method was successfully applied to a comparison of the pharmacokinetic behaviors of the four compounds in rat plasma between normal and diabetic rats aer oral administration of Gandi capsule. The results indicated that the main active ingredient had a better absorption in diabetic rats than in the normal rats, which could help to explain the in vivo processes and mechanism of action of Gandi capsule. The use of Gandi capsule could play an important role in diabetes mellitus treatment in the future.
Conflicts of interest
There are no conicts to declare. a Data are presented as the mean AE SD. Statistical signicance indicated by *P < 0.05 versus the normal group. **P < 0.01 versus the normal group.
